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A w@d ‘tunnel investigationhas been made to determinethe
aerodynamic.characteristics.of-a horizontaltail surfacewith
vmious amountsof unshieldedhorn Wlemce and with the surface
conditionsimilarto that of a typicalfabric-covered““elevator...

The wind‘tunnelresul%sindicabd thatthe.increments,forthe
variationof hi~e -momen”tcoefficientwith.angleof attackand
elevatordeflectioncausedby”’change”in the size of the unshielded
horn are approximatelylineerfunctionsof the ratio of the ~qrn .
areamomentto the elevatorarea moment. The contiol-force
chea?acteristicsas estimatedfrom the wind-tunneldata and-as
obtainedfrom flighttestswere in god agreementwhen the surface

. irregularitiesof theairplanewere simulatedon the model.

.
INTRODUCTION -,

An investigationhas been nmde in’the Lsngley7- by 10-foot
tunneland in flightof the horizontal,tail,surfaceof a torpedo
bomber. Preliminary flighttbs~sof the airplaneshowed”thata”
largeundesirablechangein.tiimforceoccurredwhen the flapswere
extendedEUIdthatthe maneuveringfor,ceswere-excessive.The wi.nd-
tunnelinvestigationwas undertakento detezmdnethe aerodynamic :. ‘.
characteristics”of the tail surfacewtth variousmounts of unshielded, “.
hornbalance so thata satisfactoryconfigurationcQuldbe determined.~
The vulations consistedof removingpart of the unshieldedhorn and
addingit to the stabilizer.Ylig.httests”of one =r=ge~nt wero
made to corroborate the wind-tunnelresults,.,

.. ~.- .-
.

The present paper.gives only the details of the wind-tunnel
investigation.The controlcharacteristicsobtainedin flightare

. comparedwith thoseestimatedfrom wind‘tunneldata.
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METHODSAND AP$%iWIVS

The testsetupis showmschematicallyti”figure1 and in the
photographof figure2. The semispanmodelwas mountedvertically
in tie Langley7“ ‘by 10-foottunnelwith the inbo~d end adjacent
to the tunnelfloorwhi@ therebyactedas a reflectionplanec The
modelwas supportedentirelyby the balanceframewith a small
clearanceat the Wnnel. floor so tlyat all forctis’kmd moments actiqj
on the model could be measured. The flow over the model simulated
the flow over the left semispanof a completehorizontaltail
mountedin a 10- by lb-foottunnel. Provisionswere made for
chsmgingthe angleof attackof the model and the deflectionof the
elevatorwhile the tunnelwas in operation.E3.evatorhinge momen@
were measured by mesxw of .an electrical strain gage mounted within- .
the elevator. No tab hingemomentawere recorded.

The 0.5-scalemodel of a lefthorizontaltail surfacewas
furnishedby the manufacturerand conformedto the dirfinsions.given
in figure3. (leometri c,characttiristice of the mod61 and the airplane ‘
are givenin tableI. The modelrepresentedthe part of the airplane
crosshatchedin figurek. ..

Four differentamountqof horn were tested on “the model (f Q. 5). --
In thesevariationsof the horn, stripqabout1.7 incheswise were
cut from the hornand acldedto the stabilizer.The gap beimreenthe

d.
outboaraend of the stabilizerand the horn was kept at a constant
valueof O*25 inch. .

Certainmodificationsweremade to the elevatcirduringthe tests
whichmade the modelmore nearlyrepresentthe horizontaltail surface
of the particularairplaneflighttested. !l%edetailsof the
modificationsare shownin figures~ to 7. ModificationA cqnsisted
of enlargingthe gap betweenthe stabilizerand elevatorby replacing” .
the circulartratling-,edgesectionof the stabilizer(fig.3) with a
channelsection(fig.~). MotiificationB ‘includedrno&ificationA ana
in additioncon@istedof enlar@ng.the cut-outfor ‘tiehingemmnent.

.,

aeviceto corresponiito the tab mec$anismcut-outon the airplane., ... ..,

ModificationC ticluded,modificationsA anii13and an alterationof the ‘ “.
elevatorto simulatethe contourand surfaceirregularitiesof tie
fabric-coveredelevatoron tie airpl~e (figs.””6and‘7).,

A dynamicp&essureof 16.37 pounds per square foot was maintained
for all testsend correspondsto a velocityof approximately&) miles

.

per hour and to a testReynoldsnumbero: l,g20,00dbased on tie model.,,
mean chordof 2.63 “feet. .. .

.. .
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mass densityof atr

free-streamvelooity

Indicatedairspeed

mmispan mkiel

angleof attack,degrees

semispanmodel

model

of elevator -.+

elevatordeflectionrelativeto stabilizer,positive
when tratlingedge is deflecteddownward

tab deflectionrelativeto elevator,positivewhen-trailing
edge is deflecteddownward
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elevatorchord,inches

tab chord,inches

stickforce,pounds

IV,4CATN ~0. 3.377

rate of changeof’downwasha&le at tail of“airplanewith
airplaneangleof attack

..
nonmilaccelerationduringmaneuvers,g units

elevatorareamomentbehindhingeaxisaboutelevaturhinge
axis —

%3 horn areamomentaboutelevatorhingeaxis (figt3}.

ratioof incrementof hinge-momentcoefficientobtained
from curvesof plotteddata to incrementobtained
fhm slopesof hingewnnent curvesmeasured
at a, = 50 =Oo -
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Jet-boundarycorrectionswere “ctrkajnedby the methodsof
reference1 and were appliedto all the data as follows:

.,

. . .
,“.

&L= 1. 482L

ACu = O.0069cL
. .

,“

ACh = 0.0053CL

No correctionshave leen made for the effectof the gap between
the root sectionand the fIoor or lea’kagearoundWe supportstrut.

I?KES3N’I!ATIONOF DATA

,-
Resultsof the testsof varioushorns,elevatormodifioations,

and tabsettingsare.presented& figures,8 to 20. Figure21
illustratesthe variatim of Cha s+ Ch as a functionof the. .. ~e. .

-,
ratioof horn ereamomentto ele~atirexeamoment. A ccmqyurison
of the curvesof Ch against 50 for the verioub’ho~s ~s presented
in figure22. Figure23 givesfor one of.the modifiedtail,surfaces
a ccm~ison of the lo~itudinal trim characteristicsestimatedfrom
whi-hinnel datawith the trim characteristicsobtainedin flight.

,.

. .

b

---
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DISCUEWON

.

.

Hinge‘MomentCharacteristics %

The resultsof both wind-tunneland flighttestswith the
originalelevator(eeetaWlate& stickforcesin table11) indicate
that it is necessaryfor the model ti representthe tail surface
of the airplaneas nearlyas possibleif correlationwith fli@t
testsis to be expected. A mmuary (table11) of the parmeters
obtainedfrom the wind-tunneltests (figs.8 +m 20) showsthat tie
orl@~l ~del Gavevahes’of Ch~ and & more’ne~ativethan

e. ,.

the averagevaluesobtainedfrom flight. S$nce it was desirableto
determinethe effectsof eachmodificationw the hingemoments,
testswere m?,deof modification, then of modi.ficationB.The effecti
of modificationC were obta+lnedwith horn~ 3 end 4, EUX3theceeffects
appliedto the otherhorns.

The main effectof increasingthe elevatorgap and addi~ the
tab-linkagecut-out(modificationsA $mdIl,respectively) vu to
increase considerably the negative value of. ~h5 . combi~tion of

e
modifications A,andB decreased Ch by only0.0002$ The effectof

alteringthe elevatorcontour(changefrom:modificat~onB to
modificationC) was to increasethe valueof Ch byO.000~ and ia

a
increase the value of Chae by 0.~08. It is very likelythat the

.
positiveincreasein the hinge-momentpemmetere was due largely to
the increasein the trailing-edgeangleof the elevator(modification C).
(Seereference.)

The effectof changingthe horn area on the hinge-moment
parameters(fig.21) showsthat the VariationOf Ch ad Ch for

a’ 5e
both modificationsB and C is approximatelya linearfunctionof the
ratioof horn areamormt to elevatorarea moment over the 3%nge of
hornstested. The point for no horn was obtainedfrom reference3.
It mustle rememberedthat ‘&esepmameters as well as thosein
tableII were obtainedovera smallelevator-deflectionand sm@e-of-
attackrangeand exe not the averagevaluesover the flightrange.

The variationof elevatorhingemomentswith elevatordeflecticm
for threeof the hornstestedis shownin figure22. Hingemoments
for the plain elevator (nohorn)were obtainedfromreference3.

.
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v In estimatingcontrolchmacteristics,the actual

(
not the slopes ~ =d ~h5e

)
shouldbe used to

a

incrementalvaluesof ~.

Lift Ch&racteristics

hingemomentsand
detennir+ethe

‘,,,.,.,,.
.--1“ ““

. me’ Nft “per@ters CLa,”%5 , ma ~ were not affecteii
e e

appreciab~by changesin the size of the horn or by the surface
modifications.The effectson the parametersare shownin table11,
which includesa summaryof the lift parametersfor the vsri.ous
arrangementstOstOa. Enlsrgingthe elevatorgap (modificationA)
producedthe greatestc_?; ”tl@tis,’ both CL8, and c%~ decreased
in magnitude. e

d

“, Tab Characteristics

The resultsof the tab”testsfor the originaltail.with hem-l
are shownin $i~res 8 to 11, and tab testswith modificationC and
horn 4 we shownin figures18 to 20. A surmary of the tab results

(
~d. Ch’

)

,.

~L is includedin table11. .,
at ?5t.

Tab deflectioncausedonly small variations on the elevator
-. hingewoment parameters Cha and .Ch . The main effectwas a

&e ,.
displacementof the elevatorhir~e-momentcurveei Note that We ....... . ....
ccmibinedeffectof surfacemodificationand horn variation(tableII)
causedno noticeable.effecton.thevalue of ~ .

5t

EstimatedAirplaneChsracte~isticsand

Comparisonwith FlightResults ~

Severalcontrolcharacteristicsof the airplsnewere estimated
for each of the confi~tions t.es@d. !l%ecmacteristics are __
tabulatedin Wble II for an easy comparison.me control
characteristicswere estimatedfrcm the geometriccharacteristicsof the
airplaneshownin tableI and from the c“ontrol-surfacedeflection
as determinedfrom flighttestsof.the.airplane:‘Themethodused for
the stick-forcecomputationis given in the appendix. .

“,
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Ta%le11 includes,in’additicmto,the estimatedcontrol
characteristicsof the airplane,resultsof flighttastsi%r

1377 . .

“
a

directcomparisonwith the-tunnsl~ata. In all-cases,the’’values
givenare for a normalcenter-of-gravitylocaticmof 25.5 percent
of the airplanemean aerodynamicchord.

The stickforcesfrom flighttestsshow excellentagreement
with the estimatedstickforcesfor the modelwith modificationC
and horn 1. cThis close~eement of the modifiedmodel emphasizes
the importanceof simulatingairplanesurfaceirregularitiesan
modelsifcmyreasonableccmrparisonwith flight$estsis sou@to

The flightteetsand “thetwnneltests.forthe originaleleyator
show thatthe airplanehad undesirablecontrolcharacteristics,t@t
is,high stickforcesin maneuversand in trim ch@es due to flap.
The tail showingthe most promisefrom wind-tunnd tests,
modificationC and horn 3, whichincorporateda balsnci~ tab in
placeof tie trim*b, was fli@t tested. Besultsof the flighttemte
(tableII) indicate,aa is also indicatedf&om wind-tunneltests,
that thisarrangementdecreasedconsiderablythe undesirahl,ylarge
contyolforcesand generallymade theseforcesacceptableto we
flyingrequirements(reference,~l)for this typeairplane. There
was closeagreementbetweenwind-tunneldata and flightdab for the
airplanewith the revisedtail.

“A oompariscm’betweenflightand estimatedcharacteristicsfor “’
.4 the airplsnewitlimodificationC and horn 3 is shownin figure23.

The stick-forcev=iation with airspeedis very similsrin.the power-
off conditicmfor both instances.The power-onconditionshoweda “
largerdiscrepancy,mainlya trim change. ThiE trim changeis
probablydue to the fact thatWriablbs causedby power couldnot’
be adequatelyaccountedfor in the calculations.

,, CONCLUSIONS

A wind-tunnelinvestigationwas conduct@dto determinethe effect
of unshieldedhorn balanceson the aerodynamiccharacteristicsof
a O.~-scalemodel of the lefthorizontaltail surface of a torpedo
bomber. Control,Sxxracteti”ptics.for the airplane.wereestimatedfrom
the yind-tunrkldata ~d compsred)~tithflightdata.,The following
conclusions“wereindicated:

1. The viiation of ~emomen% coefficientwith &n@e of
attackend with elevatordeflection’cmse&hy a changein the size
of the unshieldedhorn was a~roximatelya lineerfunctionof the
ratioof horn areamomentto elevatorareamoment.
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2. The liftparameterswere not
ohamgesin the size of the horn or by
introduced.

3. Very closeagreemen~between

affectedappreciablyby
the surfacemodifications

the control-forcechsmacteristics
of the ai@.ane as detezmdmedfrom flightdata and characteristics
estimatedfromwind-tunneldatawas obkined.,when the airplsme
surfaceirre@erities were simulatedon the modei. ‘,

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

LangleyField,Vs.,April 25, 1947

. .

.

,!,..:”
!,

.-. ,

.,..
., .,. “ .
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A.mmNmx
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AU
from the

COMPUTATIONOF STICK
*

l?ORCES

the stickf?rce~excepttie valuesof dF~/dn ~~ercWmputed
relationship

~.
8

1~75 ~h
CL

whichwan derivedfrom the elevator d5menEEons and the Seometric
characteristicsof the atzyplanegivenin tableI. For tiese
computationsthe elevator-~ti.ckdeflectioncurvewas aesvmedto be
a strai@t line. The va@e@ of Nh were c%tainedfrom the himge-

momentcurvesusingthe deflectionsof elevatorand mgles of attack
determinedfrom the flight-testresults. The angleof cttackwas
determinedfrom the fli@t databy suhtraotti~the forcedue to
elevatordeflectionfrom the totalforcead determiningthe angle
of attackfrom the fli~t valueof Cha. For the computatimmof

trim characteristicsthe value of q at the tailwas asmmed.to be
the free-streamvalue02 q. This asmnptionwas made sincethe tail
is locatedwell abovethe thrustaxis,and it is %elievodthat there .

should‘beless than10-percentchangein q. aue to aPP~cation of .
power.

The estimted values of d3?~/dn were obtaimd from
relationship

.

the

as ( 0.69 Chbe

)

%a ‘hcWee
-—= 12— —
dn

+ 28 —— —-——--
~e +.0015 O.00~ ‘h

slo~ s

This method dependsupon determiningthe incrementof stickforce
caused by elevatordeflection ae =d tie incremnt of stickforce

causedby angleof attick a ~m f~i@t-~st da*w For ~ese
calculaticmsthe flight-testdata for horn.1were used. The stick
forcesfor any of the otherelevatorconfigurationswere obtained
‘byfirstmulttpl.ytnathe inc~ * + sti~ forced~ to 5e by

the recipncal of the lift-effectiveness ~tio anU 2mw0w~ut.

—
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. coefficient ratio and then nnzltiplying the stick force due to a by
the hinge-moment-coefficientratio. iihemultiplicationfactor

correctsfor the nonlinearity of the hinge-moment curves.
.Mh

slopes

1. SwansonjRobertS., end ‘loll,ThomasA.: Jet-BoundaryCorrections
for Reflection-PlaneModels in RectangularWind Tunnels. -------
NACA Rep.No.770, 1943.

2. Jones,RobertT., ad Ames,MiltonB., Jr.: Windwumnel
Investigationof Control-SurfaceCharacteristics.V - The Use
of a BeveledTrailingEdge to Reducethe HingeMcment of a
ControlSurface.NACA ARE?,March 1942.

‘

3“ Liddell,Ro%ertB., and Lockwood,VernardE.: Windfiunnel
Investigationof RoundedHorns and of Wards on a Horizontal
Tail Surface. NAC.AM?RHO. IM16, 1944.

4. (Xlruth, R. R.: Requlrementwfor SatisfactoryFlyingQualities
of Airplanes. NACA Rep. No. 755, 1943,

.
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TABLE I

mommc CHARACTERISTICSor .mIANE AND 0.5-sCmfl

SEMISPM M311ELOF HORIZONTALTAIL SUREACE

ECenter-of‘gravitylocation,25.5 percentM.A.C~

Geometz’ic
characteristics

Gross weight, ‘lb

w= Sma, ft2

Stick Zen@, ft

Total stick -Tel, deg

Xlevatir movement relative to
stabilizer, deg
Q

Down

Horizontal-tail area, sq ft

Horizontal-tail span, f t

Elevator area lehind hinge
line, sq ft

Elevator
chord,

slope of

a@a

root nieen-square
ft

airplanelift curve

Airplene

U,glo

490

1*5

55

17.7

U

lSL.5

20.83

48

2.536

0.078

0.5

Model

-----

. . . . .

e-..-

-----

-----

13.69

5.204

5“93

1.268

NATIONALADITSORY
CONMITZEE IK)RAERONAIIl?ICS
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Elevatcm Stiokforce m Stiok foroe
Elava’kr deflection required ta -# required b
mwi - Horn CL %~e ~t %e %= ch8 ch6t :Iwrli lad
cation

(a) (a)e (a) (&g) ‘3 !3 “:r

wllla-’&ml&ltista

m+$hlal 1 0.o~ o::C):o .CQ3-0.72 o.a)18
A 1

* .002!5*.omg -17
.o~

34
-.70

-30
----- .0019 -.0030 ------- -17 :?

B 1 .059
-32

.041 ----- -.70 .0016 -. CX135-------
-.6g .C@l -.--( ------- ::;

:: -~
w. 1 .038 .040 ----- : 40
B 2 .09 .042----- -.-p .CX)09 -.0040 ------- -17 & 39 2

f:
3 .058 .042 ----- -.6g -.0001 -Sooy --...w- -17 w)
3 .058

37
.041 .003 -.6g -.mol -.0035 g-.ocx?g -17 22 27

c
2

3 .057 .041 ----- -.68 .Ood+ -.0042 ---..--
f~

-17 38 31 -13
.057 .040 .003 -.68 .0004

B :
-.CCQ7~-.0030 -17

.057
xl

.04L----- -.70 -.000g
c

-.0057
4

------- -17 40
.057 .040 .003 -.69 -.@x)4 -.oo~ -.0030 -17 M : ‘:

might bate

c 1 ----- ----- ----- ----- ‘o .oo~ % .Oolg ------- -17 . . 40 -42

c 3 ----- ----- ----- . ---- ------- ---------- ------- .-. -. 26 -l.$!

8 Pare.lmtareof Ch for.lilna-hulneltestecfref@ 6e=$,8t. o;en&u. o:

b~i=76mph; tmixmadatEo nphwi~fhpsdom.
0 V = 217 I@; average for 2.4n; initial cc.mdition:Be = 0.5°, G = -1°.
al

Vi = 120 D@; initial ocmditicm Se .0°, a -3.2:

e ~a~~a ~ effeot & ~fli~tim C cm hm 3 andk.

f 8$. -0.5; paramateraInoMle effect of tab.

S E~~~~ * B~~ &ti m o*r arransammte.

h Average value owr fli@t mnga.

?WPIOK4L ADVISORY
COMILTISE FOR Amomn’ICS

.

.

.
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,NATIONAL ADVISORY .
COMMITTEEFORAERONAUTICS

Figure 1.- Schematic diagram of test installation.
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Figure 2.- Three-quarter fro]

model of horizon

Fig. 2
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Figure 3.- Original O.5 -scale model of left horizontal tail surface. (All
dimensions are in inches. )
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Figure 4.- Plan form of airplane.
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Fig. 5
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NATIONAL ADVISORY
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Figure 5.- Details of modifications A and B and horns 1 to 4. -
Modification B includes modification A. (All dimensions are
in inches. )
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Figure 6.- Details of modification C. Modification C includes
modifications A and B. (All dimensions are in inches. )
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.

Figure 7.- Three-quarter rear view of 0.5-scale semispan model of
horizontal tail tested. Modification C; horn 3.
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